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(57) ABSTRACT 

A semiconductor device including a first doped region of a 
first conductivity type, a second doped region of a second 
conductivity type, a gate, and a dielectric layer is provided. 
The first doped region is located in a Substrate and has a 
trench. The second doped region is located at the bottom of 
the trench to separate the first doped region into a source 
doped region and a drain doped region. A channel region is 
located between the Source doped region and the drain doped 
region. The gate is located in the trench. The dielectric layer 
covers the sidewall and the bottom of the trench and separates 
the gate and the Substrate. 

  



Patent Application Publication Oct. 18, 2012 Sheet 1 of 34 US 2012/0261739 A1 

  



Patent Application Publication Oct. 18, 2012 Sheet 2 of 34 US 2012/0261739 A1 

  



Patent Application Publication Oct. 18, 2012 Sheet 3 of 34 US 2012/0261739 A1 

FIG. 2C 

FIG. 2D-1 

  

  



Patent Application Publication Oct. 18, 2012 Sheet 4 of 34 US 2012/0261739 A1 

FIG. 2D-3 
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FIG. 5C 

FIG. 5D-1 
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FIG. 8D 
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SEMCONDUCTORDEVICE AND 
FABRICATION METHOD THEREOF 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The invention generally relates to a semiconductor 
device and a fabrication method thereof, and more particu 
larly, to a non-volatile memory and a fabrication method 
thereof. 
0003 2. Description of Related Art 
0004. A non-volatile memory (for example, an electrically 
erasable programmable read-only memory (EEPROM)) can 
retain data stored therein even when no power is Supplied. 
Besides, data programming, reading, and erasing operations 
can be repeatedly performed on a non-volatile memory. 
Therefore, non-volatile memory has been broadly applied in 
different personal computers and electronic devices. 
0005 Along with the rapid advancement of integrated cir 
cuit (IC) technologies, the demand for high device integration 
has been continuously increasing, and along with the 
decrease of linewidth, the affection of short channel effect has 
become more serious. In order to avoid the short channel 
effect, the depths and concentrations of the Source doped 
region and the drain doped region have to be reduced as much 
as possible (i.e., lightly doped source doped region and drain 
doped region with shallow junction depths). However, this 
will result in increase in the resistances of the source doped 
region and the drain doped region and accordingly decrease in 
the read current of the memory component. As a result, the 
performance of the memory component will be affected. In 
addition, the increase in the resistances of the Source doped 
region and the drain doped region will also result in decrease 
in the driving current of a logic component. 

SUMMARY OF THE INVENTION 

0006. Accordingly, the invention is directed to a semicon 
ductor device, wherein the short channel effect is prevented 
and the resistances of the source doped region and the drain 
doped region are reduced. 
0007. The invention provides a semiconductor device 
including a Substrate, a first doped region of a first conduc 
tivity type, a second doped region of a second conductivity 
type, a gate, and a dielectric layer. The first doped region of 
the first conductivity type is located in the substrate and has a 
trench. The second doped region of the second conductivity 
type is located at the bottom of the trench to separate the first 
doped region into a source doped region and a drain doped 
region. A channel region is located between the Source doped 
region and the drain doped region. The gate is located in the 
trench. The dielectric layer is located between the gate and the 
substrate within the trench. 
0008 According to an embodiment of the invention, the 
Source doped region or the drain doped region is extended 
from a spot on the bottom of the trench that is close to the base 
angle to the surface of the substrate along the sidewall of the 
trench. 
0009. According to an embodiment of the invention, the 
second doped region includes a first region and a second 
region having different depths, wherein the area of the second 
region that is farther away from the bottom of the trench is 
greater than the area of the first region that is closer to the 
bottom of the trench, so that the source doped region or the 
drain doped region presents a stepped shape. 
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0010. According to an embodiment of the invention, the 
semiconductor device further includes a spacer, wherein the 
spacer is located between the dielectric layer on the sidewall 
of the trench and the substrate. 
0011. According to an embodiment of the invention, the 
second doped region is extended from the bottom of the 
trench to a spot on the sidewall of the trench that is close to the 
base angle so that the Source doped region or the drain doped 
region does not cover the bottom of the trench or the base 
angle but is extended from the sidewall of the trench to the 
surface of the substrate. 
0012. According to an embodiment of the invention, the 
semiconductor device further includes a semiconductor layer, 
wherein the semiconductor layer completely covers and is in 
contact with the Source doped region or the drain doped 
region. 
0013. According to an embodiment of the invention, the 
semiconductor layer includes one or a combination of a 
doped single-crystal silicon layer, a doped polysilicon layer, a 
doped epi-silicon layer, and a doped GeSilayer. 
0014. According to an embodiment of the invention, the 
semiconductor device further includes a metal silicide layer, 
wherein the metal silicide layer is located on the semiconduc 
tor layer. 
0015. According to an embodiment of the invention, the 
semiconductor device further includes a hard mask layer, 
wherein the hard mask layer is located on the semiconductor 
layer. 
0016. According to an embodiment of the invention, the 
semiconductor device further includes a hard mask layer, 
wherein the hard mask layer is located on the source doped 
region or the drain doped region. 
0017. According to an embodiment of the invention, the 
dielectric layer is further extended onto the source doped 
region or the drain doped region. 
0018. According to an embodiment of the invention, the 
gate is further extended above and covers the source doped 
region or the drain doped region. 
0019. According to an embodiment of the invention, the 
semiconductor device is a metal-oxide semiconductor field 
effect transistor (MOSFET), and the dielectric layer is a gate 
dielectric layer. 
0020. According to an embodiment of the invention, the 
semiconductor device is a non-volatile memory cell, and the 
dielectric layer is a tunnelling dielectric layer. 
0021. According to an embodiment of the invention, the 
gate is a floating gate, and the semiconductor device further 
includes a control gate and an inter-gate dielectric layer. The 
control gate is located above the floating gate. The inter-gate 
dielectric layer is located between the floating gate and the 
control gate. 
0022. According to an embodiment of the invention, the 
floating gate is protruded from the Surface of the Substrate. 
0023. According to an embodiment of the invention, the 
floating gate, the inter-gate dielectric layer, and the control 
gate are further extended above the Source doped region or the 
drain doped region. 
0024. According to an embodiment of the invention, the 
Surface of the floating gate is a flat Surface or a surface with 
grooves. 
0025. According to an embodiment of the invention, the 
semiconductor device further includes a charge storage 
dielectric layer, wherein the charge storage dielectric layer is 
located between the tunnelling dielectric layer and the gate. 
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0026. According to an embodiment of the invention, the 
charge storage dielectric layer is further extended above the 
Source doped region or the drain doped region. 
0027. According to an embodiment of the invention, the 
semiconductor device further includes a top dielectric layer, 
wherein the top dielectric layer is located between the charge 
storage dielectric layer and the gate. 
0028. The invention provides a fabrication method of a 
semiconductor device. The fabrication method includes fol 
lowing steps. A Substrate is provided, and a first doped region 
of a first conductivity type is formed in the substrate. Then, a 
portion of the first doped region is removed to form a trench 
in the first doped region. A second doped region of a second 
conductivity type is formed at the bottom of the trench to 
separate the first doped region into a source doped region and 
a drain doped region. A gate is formed in the trench, and a 
dielectric layer is formed between the gate and the substrate 
within the trench. 

0029. According to an embodiment of the invention, the 
fabrication method further includes forming a spacer on the 
sidewall of the trench. 

0030. According to an embodiment of the invention, the 
formation method of the second doped region includes per 
forming a single ion implantation process by using the spacer 
as a mask, so as to extend the Source doped region and the 
drain doped region from the Surface of the Substrate to a spot 
on the bottom of the trench that is close to the base angle along 
the sidewall of the trench. 

0031. According to an embodiment of the invention, the 
formation method of the second doped region includes per 
forming a first ion implantation process and a second ion 
implantation process by using the spacer as a mask, wherein 
the energy of the second ion implantation process is higher 
than the energy of the firstion implantation process So that the 
area of a region formed through the second ion implantation 
process that is farther away from the bottom of the trench is 
greater than the area of a region formed through the first ion 
implantation process that is closer to the bottom of the trench. 
0032. According to an embodiment of the invention, the 
fabrication method further includes removing the spacer after 
forming the second doped region and before forming the 
dielectric layer. 
0033 According to an embodiment of the invention, the 
formation method of the second doped region includes per 
forming an ion implantation process by using the trench as a 
mask, so as to extend the second doped region from the 
bottom of the trench to a spot on the sidewall of the trench that 
is close to the base angle. 
0034. According to an embodiment of the invention, the 
fabrication method further includes forming a semiconductor 
layer on the substrate before forming the trench, wherein the 
semiconductor layer is in contact with the first doped region. 
0035. According to an embodiment of the invention, the 
fabrication method further includes forming a hard mask 
layer on the semiconductor layer after forming the semicon 
ductor layer and before forming the trench. 
0036. According to an embodiment of the invention, the 
fabrication method further includes removing the hard mask 
layer after forming the trench and before forming the dielec 
tric layer. 
0037 According to an embodiment of the invention, the 
fabrication method further includes removing the hard mask 
layer after forming the gate. 
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0038 According to an embodiment of the invention, the 
fabrication method further includes forming a metal silicide 
layer on the semiconductor layer after removing the hard 
mask layer. 
0039. According to an embodiment of the invention, the 
fabrication method further includes forming a hard mask 
layer on the substrate before forming the trench. 
0040. According to an embodiment of the invention, the 
fabrication method further includes removing the hard mask 
layer before forming the dielectric layer. 
0041 According to an embodiment of the invention, the 
semiconductor device is a MOSFET, and the dielectric layer 
is a gate dielectric layer. 
0042. According to an embodiment of the invention, the 
semiconductor device is a non-volatile memory cell, and the 
dielectric layer is a tunnelling dielectric layer. 
0043. According to an embodiment of the invention, the 
gate is a floating gate, and the fabrication method further 
includes forming a control gate on the floating gate and form 
ing an inter-gate dielectric layer between the floating gate and 
the control gate. 
0044 According to an embodiment of the invention, the 
fabrication method further includes following steps. A hard 
mask layer is formed on the substrate before forming the 
trench, and the upper Surface of the gate in the trench is made 
to be lower than the upper surface of the hard mask layer, so 
as to expose the sidewall of the hard mask layer. A gate 
material layer is formed on the sidewall of the hard mask layer 
and the gate, so as to form a floating gate having a groovy 
Surface. A control gate is formed on the floating gate, and an 
inter-gate dielectric layer is formed between the floating gate 
and the control gate. 
0045. According to an embodiment of the invention, the 
floating gate, the inter-gate dielectric layer, and the control 
gate are further extended above the Source doped region and 
the drain doped region. 
0046 According to an embodiment of the invention, the 
fabrication method further includes forming a charge storage 
dielectric layer between the tunnelling dielectric layer and the 
gate. 
0047 According to an embodiment of the invention, the 
charge storage dielectric layer is further extended above the 
Source doped region and the drain doped region. 
0048. According to an embodiment of the invention, the 
fabrication method further includes forming a top dielectric 
layer between the charge storage dielectric layer and the gate. 
0049. The semiconductor device in the invention can pre 
vent the production of short channel effect and can reduce the 
resistances of the source doped region and the drain doped 
region. 
0050. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary, and are not intended to limit the scope of the invention. 
These and other exemplary embodiments, features, aspects, 
and advantages of the invention will be described and become 
more apparent from the detailed description of exemplary 
embodiments when read in conjunction with accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051. The accompanying drawings are included to pro 
vide a further understanding of the invention, and are incor 
porated in and constitute a part of this specification. The 
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drawings illustrate embodiments of the invention and, 
together with the description, serve to explain the principles 
of the invention. 

0052 FIG. 1 illustrates a semiconductor device according 
to an embodiment of the invention. 

0053 FIGS. 2A-2D-1 are cross-sectional views illustrat 
ing a fabrication method of a silicon nitride read-only 
memory (ROM) according to a first embodiment of the inven 
tion. 

0054 FIG. 2D-2 is a cross-sectional view of a silicon 
nitride ROM according to a second embodiment of the inven 
tion. 

0055 FIG. 2D-3 is a cross-sectional view of a silicon 
nitride ROM according to a third embodiment of the inven 
tion. 

0056 FIGS. 3A-3D-1 are cross-sectional views illustrat 
ing a fabrication method of a silicon nitride ROM according 
to a fourth embodiment of the invention. 

0057 FIG. 3D-2 is a cross-sectional view of a silicon 
nitride ROM according to a fifth embodiment of the inven 
tion. 

0058 FIG. 3D-3 is a cross-sectional view of a silicon 
nitride ROM according to a sixth embodiment of the inven 
tion. 

0059 FIGS. 4A-4D-1 are cross-sectional views illustrat 
ing a fabrication method of a silicon nitride ROM according 
to a seventh embodiment of the invention. 

0060 FIG. 4D-2 is a cross-sectional view of a silicon 
nitride ROM according to an eighth embodiment of the inven 
tion. 

0061 FIG. 4D-3 is a cross-sectional view of a silicon 
nitride ROM according to a ninth embodiment of the inven 
tion. 

0062 FIGS. 5A-5D-1 are cross-sectional views illustrat 
ing a fabrication method of a silicon nitride ROM according 
to a tenth embodiment of the invention. 

0063 FIG. 5D-2 is a cross-sectional view of a silicon 
nitride ROM according to an eleventh embodiment of the 
invention. 

0.064 FIG. 5D-3 is a cross-sectional view of a silicon 
nitride ROM according to a twelfth embodiment of the inven 
tion. 

0065 FIGS. 6A-6F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
thirteenth embodiment of the invention. 

0066 FIGS. 7A-7F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
fourteenth embodiment of the invention. 

0067 FIGS. 8A-8F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
fifteenth embodiment of the invention. 

0068 FIGS. 9A-9F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
sixteenth embodiment of the invention. 

0069 FIGS. 10A-10F are cross-sectional views illustrat 
ing a fabrication method of a flash memory cell according to 
a seventeenth embodiment of the invention. 

0070 FIGS. 11A-11F are cross-sectional views illustrat 
ing a fabrication method of a flash memory cell according to 
an eighteenth embodiment of the invention. 
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(0071 FIGS. 12A-12F are cross-sectional views illustrat 
ing a fabrication method of a metal-oxide semiconductor 
field-effect transistor (MOSFET) according to a nineteenth 
embodiment of the invention. 

DESCRIPTION OF THE EMBODIMENTS 

0072 Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever pos 
sible, the same reference numbers are used in the drawings 
and the description to refer to the same or like parts. 
0073 FIG. 1 illustrates a semiconductor device provided 
by the invention. 
0074 Referring to FIG. 1A, the semiconductor device 
provided by an embodiment of the invention includes a sub 
strate 10, a first doped region 14 of a first conductivity type, a 
second doped region 22 of a second conductivity type, a gate 
30, and a dielectric layer 24. The first doped region 14 is 
located in the substrate 10, and has a trench 32. The second 
doped region 22 is located at the bottom 32c of the trench 32 
so that the first doped region 14 is separated into a source 
doped region 14a and a drain doped region 14b. A channel 
region 34 is located between the Source doped region 14a and 
the drain doped region 14b. The gate 30 is located in the 
trench 32. The dielectric layer 24 covers the sidewall 32a and 
the bottom 32c of the trench 32 and separates the gate 30 and 
the substrate 10. 
0075. In an embodiment of the invention, the gate 30 is 
buried in the substrate 10, and the source doped region 14a 
and the drain doped region 14b with raised effect are fabri 
cated through the position change of the gate 30 in the per 
pendicular direction. Because the portions of the Source 
doped region 14a and the drain doped region 14b that are 
located below the gate 30 are very shallow, a shallow junction 
depth is achieved and accordingly the production of short 
channel effect is avoided. On the other hand, because the 
Source doped region 14a and the drain doped region 14b are 
further extended upwards to cover the sidewall of the gate 30, 
the source doped region 14a and the drain doped region 14b 
may be considered a raised source and drain and have a 
reduced resistance. 
0076. The semiconductor device may be a metal-oxide 
semiconductor field-effect transistor (MOSFET) or a non 
volatile memory cell (for example, a flash memory cell or a 
silicon nitride read-only memory (ROM). If the semiconduc 
tor device is a MOSFET, the dielectric layer 24 is a gate 
dielectric layer, and if the semiconductor device is a non 
volatile memory cell, the dielectric layer 24 is a tunnelling 
dielectric layer. 
(0077. The gate 30 may be located only in the trench 32 or 
extended upwards to be protruded out of the surface of the 
substrate 10, or the gate 30 may even be extended sidewards 
to cover the substrate 10. If the semiconductor device is a flash 
memory cell, the gate 30 is a floating gate, and if the semi 
conductor device is a silicon nitride ROM, the gate 30 is 
connected to a word line. 
0078. The source doped region 14a and the drain doped 
region 14b may be extended from a spot on the bottom 32c of 
the trench 32 that is close to the base angle 32b to the surface 
of the substrate 10 along the sidewall 32a. Or, the source 
doped region 14a and the drain doped region 14b may not 
cover the bottom 32c of the trench32 or the base angle 32b but 
be extended from the sidewall 32a of the trench 32 to the 
surface of the substrate 10. 
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0079. Several embodiments of the invention will be 
described below. However, these embodiments are not 
intended to limit the scope of the invention. 
0080 FIGS. 2A-2D-1 are cross-sectional views illustrat 
ing a fabrication method of a silicon nitride ROM according 
to a first embodiment of the invention. 

I0081 Referring to FIG. 2A, a well 12 is formed in the 
substrate 10, and the first doped region 14 is formed within the 
well 12. The substrate 10 may be a semiconductor substrate, 
a compound semiconductor Substrate, or a semiconductor 
over insulator (SOI) substrate. The semiconductor may be 
composed of IVA group atoms, such as silicon or germanium. 
For example, the semiconductor may be a silicon wafer or 
epitaxial silicon. The compound semiconductor may be com 
posed of IVA group atoms, such as silicon carbide or silicon 
germanium. The Substrate 10 may be doped, and the dopant 
may have a second conductivity type. Herein the second 
conductivity type may be Ptype or N type. P-type dopant may 
be IIIA group ions, such as boron. N-type dopant may be VA 
group ions, such as arsenic ions or phosphor ions. 
0082. The well 12 is formed by first performing a single 
ion implantation process or multiple ion implantation pro 
cesses and then an annealing process. The dopant used for 
forming the well 12 has a conductivity type different from that 
of the flash memory cell. If the channel conductivity type of 
the flash memory cell is the first conductivity type, the dopant 
of the well 12 is then ions of the second conductivity type. 
Namely, if the flash memory cell is a P-type channel, the well 
12 is then N-type, and if the flash memory cell is an N-type 
channel, the well 12 is then P-type. In an embodiment, the 
well 12 is P-type, the implanted ions are boron ions, the 
energy of the ion implantation process may be about 50 KeV 
to about 500 KeV. and the dosage may be about 1x10"/cm 
to about 3x10'/cm. 
0083. In an embodiment, the first doped region 14 may 
also be formed by first performing an ion implantation pro 
cess 36 and then an annealing process. The dopant used for 
forming the first doped region 14 may be ions of the first 
conductivity type. The first conductivity type is different from 
the second conductivity type and which may be N-type or 
P-type. The first doped region 14 may be formed through an 
ion implantation process. The number of times (one or more) 
of performing the ion implantation process 36 is related to the 
concentrations and junction depths of the source doped 
region 14a and the drain doped region 14b (as shown in FIG. 
2C) to be formed. In the present embodiment, because a 
semiconductor layer 40 (will be described in following 
embodiment) is not formed above the substrate 10 to reduce 
the contact resistance, first doped regions 14 of different 
depths and concentrations can be formed through multiple 
ion implantation processes. In an embodiment, the first doped 
region 14 is N-type and is formed through a single ion implan 
tation process 36, wherein the dopant may bearsenic ions, the 
energy of the ion implantation process may be about 15 KeV 
to about 40 KeV. and the dosage may be about 1x10"/cm to 
about 4x10"/cm. In another embodiment, the first doped 
region 14 is N-type and is formed through two ion implanta 
tion processes 36, and the dopant used in both ion implanta 
tion processes 36 is arsenic ions. Herein the energy of the first 
ion implantation process may be about 5 KeV to about 15 
KeV, the dosage thereof may be about 1x10"/cm to about 
4x10"/cm, the energy of the second ion implantation pro 
cess may be 15 KeV to 50 KeV. and the dosage thereofmay be 
about 3x10"/cm to about 2x10"/cm. Accordingly, refer 
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ring to FIG. 2D-1, the doping concentration of the source 
doped region 14a and the drain doped region 14b close to the 
surface of the substrate 10 is higher than that below the trench 
32, so that a reduced contact resistance and a shallow junction 
depth can be achieved at the same time. 
I0084. Next, referring to FIG. 2B, a hard mask layer 16 is 
formed on the substrate 10. The hard mask layer 16 may be 
composed of one, two, or more material layers. The hard 
mask layer 16 may be made of one or a combination of silicon 
oxide, silicon nitride, and silicon oxynitride. The hard mask 
layer 16 may be formed through physical vapour deposition 
(PVD) or chemical vapour deposition (CVD). The thickness 
of the hard mask layer 16 may be between about 300 A and 
about 1000 A. 
I0085. Thereafter, a photoresist layer 38 having an opening 
42 is formed on the hard mask layer 16. The photoresist layer 
38 may be positive photoresist or negative photoresist. The 
opening 42 of the photoresist layer 38 exposes the hard mask 
layer 16. The width w1 of the opening 42 is slightly greater 
than the width w2 of the gate 30 (as shown in FIG. 2D-1) to be 
formed. In an embodiment, the width w 1 of the opening 42 
may be between about 550 A and about 1500 A. 
I0086) Next, referring to FIG. 2C, the hard mask layer 16 
exposed by the opening 42 is removed by using the photore 
sist layer38 as a mask, and a portion of the substrate 10 below 
the hard mask layer 16 is also removed to form the trench 32 
in the hard mask layer 16 and the first doped region 14 of the 
substrate 10. After that, the photoresist layer 38 is removed. 
The hard mask layer 16 and the portion of the substrate 10 
below the hard mask layer 16 may be removed through an 
etching process, such as a dry etching process. The sidewall 
32a of the trench 32 may be a vertical surface, a tilted surface, 
or a curved surface. The base angle 32b of the trench 32 may 
be but is not limited to a vertical corner, and which may also 
be a rounded corner or a polygonal corner. The depth h1 of the 
trench32 in the substrate 10 may be between about 400A and 
about 700 A. 
I0087 Next, a spacer 18 is formed on the sidewall 32a of 
the trench 32. The spacer 18 may be formed by forming a 
spacer material layer on the hard mask layer 16 and the 
surface of the trench 32 and then removing portion of the 
spacer material layer through an anisotropic etching process. 
The spacer 18 may be composed of one, two, or more material 
layers. The spacer 18 may be made of one or a combination of 
silicon oxide, silicon nitride, and silicon oxynitride. After 
that, the second doped region 22 is formed in the substrate 10 
exposed by the spacer 18 at the bottom 32c of the trench 32. 
and the second doped region 22 is extended downwards from 
the first doped region 14 to the well 12 to separate the first 
doped region 14 into the Source doped region 14a and the 
drain doped region 14b. The Source doped region 14a and the 
drain doped region 14b are extended from a spot on the 
bottom 32c of the trench32 that is close to the base angle 32b 
to the surface of the substrate 10 along the sidewall 32a. A 
channel region 34 is formed between the source doped region 
14a and the drain doped region 14b. The width of the channel 
region 34 is related to the width of the spacer 18. The smaller/ 
greater the width w8 of the spacer 18 is, the greater/smaller 
the width wa of the channel region 34 will be. In an embodi 
ment, the second doped region 22 may be formed through an 
ion implantation process 20 by using the hard mask layer 16 
and the spacer 18 as masks. The dopant used for forming the 
second doped region 22 may be ions of the second conduc 
tivity type. Herein the second conductivity type may be 
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P-type or N-type. In an embodiment, the first doped region 14 
is N-type while the second doped region 22 is P-type. The 
ions implanted into the second doped region 22 may be BF, 
the energy of the ion implantation process may be about 1 
KeV to about 15 KeV. and the dosage may be about 5x10"/ 
cm to about 9x10"/cm. 
I0088. Thereafter, referring to FIG. 2D-1, the spacer 18 is 
removed. The spacer 18 may be removed through an etching 
process, such as a wet etching process or a dry etching pro 
cess. Next, the hard mask layer 16 is removed. The hard mask 
layer 16 may be removed through an etching process, such as 
a wet etching process or a dry etching process. 
0089. After that, a tunnelling dielectric layer 24, a charge 
storage dielectric layer 26, and a top dielectric layer 28 are 
formed on the substrate 10 and the sidewall 32a and the 
bottom 32c of the trench32. The tunnelling dielectric layer 24 
may be composed of a single material layer, wherein the 
single material layer may be made of a low dielectric constant 
material or a high dielectric constant material. A low dielec 
tric constant material is a dielectric material having its dielec 
tric constant lower than 4. Such as silicon oxide or silicon 
oxynitride (SiO.N.), wherein x and y may be any possible 
value. A high dielectric constant material is a dielectric mate 
rial having its dielectric constant higher than 4. Such as 
HfAIO, Hfo, Al-O, or SiN. The tunnelling dielectric 
layer 24 may also adopt a stacked double-layer structure or a 
stacked multi-layer structure according to the band-gap engi 
neering (BE) theory so that the injection current thereof, 
accordingly the programming rate, can be increased. Herein 
the stacked double-layer structure may be fabricated by using 
a low dielectric constant material and a high dielectric con 
stant material (indicated as low dielectric constant material/ 
high dielectric constant material). Such as silicon oxide/Hf 
SiO, silicon oxide/HfC), or silicon oxide/silicon nitride. The 
stacked multi-layer structure may be fabricated by using a 
low dielectric constant material, a high dielectric constant 
material, and a low dielectric constant material (indicated as 
low dielectric constant material/high dielectric constant 
material/low dielectric constant material). Such as silicon 
oxide/silicon nitride/silicon oxide or silicon oxide/Al2O/ 
silicon oxide. The charge storage dielectric layer 26 may be 
made of silicon nitride or HfC). The top dielectric layer 28 is 
composed of a single material layer. Herein the single mate 
rial layer may be made of a low dielectric constant material or 
a high dielectric constant material. Herein a low dielectric 
constant material is a dielectric material having its dielectric 
constant lower than 4. Such as silicon dioxide or silicon oxyni 
tride. A high dielectric constant material is a dielectric mate 
rial having its dielectric constant higher than 4. Such as 
HfAIO, Al-O, SiNa, or HfC). The top dielectric layer 28 
may also adopt a stacked double-layer structure or a stacked 
multi-layer structure according to the BE theory so that the 
injection current thereof; accordingly the programming rate 
or the erasing rate, can be increased. The stacked double-layer 
structure may be fabricated by using a high dielectric constant 
material and a low dielectric constant material (indicated as 
high dielectric constant material/low dielectric constant 
material). Such as silicon nitride/silicon oxide. The stacked 
multi-layer structure may be fabricated by using a low dielec 
tric constant material, a high dielectric constant material, and 
a low dielectric constant material (indicated as low dielectric 
constant material/high dielectric constant material/low 
dielectric constant material). Such as silicon oxide/silicon 
nitride/silicon oxide or silicon oxide/Al2O/silicon oxide. 
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(0090. Thereafter, the gate 30 connected to a word line is 
formed in the remaining space of the trench 32. The gate 30 
may be made of doped polysilicon or metal or have a stacked 
structure made of doped polysilicon and metal. The gate 30 
may be formed by forming a gate material layer on the Sub 
strate 10 to cover the top dielectric layer 28 and fill up the 
trench 32 and then removing the gate material layer outside 
the trench 32 and on the top dielectric layer 28, wherein the 
gate material layer may be removed through an etching pro 
cess or a chemical mechanical polishing (CMP) process. 
0091. In the embodiment described above, the annealing 
process of the source doped region 14a and the drain doped 
region 14b (the first doped region 14) is performed before the 
tunnelling dielectric layer 24 and the gate 30 are formed. 
Thus, the stability of the tunnelling dielectric layer 24 (espe 
cially a tunnelling dielectric layer made of a material having 
a high dielectric constant) and the gate 30 (especially a metal 
gate) won’t be affected by the annealing process of the source 
doped region 14a and the drain doped region 14b (the first 
doped region 14). 
0092. The silicon nitride ROM illustrated in FIG. 2D-1 
includes a substrate 10, a well 12, a first doped region 14 of a 
first conductivity type, a second doped region 22 of a second 
conductivity type, a gate 30, a tunnelling dielectric layer 24, 
a charge storage dielectric layer 26, and a top dielectric layer 
28. The well 12 and the first doped region 14 are located in the 
substrate 10, and the first doped region 14 has a trench32. The 
second doped region 22 is located at the bottom 32c of the 
trench 32 so that the first doped region 14 is separated into a 
Source doped region 14a and a drain doped region 14b. A 
channel region 34 is located between the source doped region 
14a and the drain doped region 14b. The gate 30 is buried into 
the trench 32 of the substrate 10, and the thickness t1 thereof 
is approximately the same as the depth h1 of the trench 32 in 
the substrate 10. The thickness t1 of the gate 30 may be 
between about 400 A and about 700 A. The sidewall 32a of 
the gate 30 may be a vertical surface, a tilted surface, or a 
curved surface. The base angle 32b of the gate 30 may be but 
is not limited to a vertical corner, and which may also be a 
rounded corner or a polygonal corner. The tunnelling dielec 
tric layer 24, the charge storage dielectric layer 26, and the top 
dielectric layer 28 cover the sidewall 32a and the bottom 32c 
of the trench32, separate the gate 30 and the substrate 10, and 
are extended above and in direct contact with the source 
doped region 14a and the drain doped region 14b. 
0093. According to an embodiment of the invention, the 
gate 30 is buried into the trench 32 of the substrate 10 so that 
the source doped region 14a and the drain doped region 14b 
are not only located below the gate 30 but extended to cover 
the sidewall 32a of the gate 30. Because the portions of the 
Source doped region 14a and the drain doped region 14b 
below the gate 30 are very shallow, a shallow junction depth 
is achieved, and accordingly the production of short channel 
effect is avoided. On the other hand, because the source doped 
region 14a and the drain doped region 14b are further 
extended to cover the sidewall 32a of the gate 30, the source 
doped region 14a and the drain doped region 14b can be 
considered a raised source and drain and have a reduced 
resistance. 

0094. It should be mentioned that in the present embodi 
ment, the gate 30 is buried into the substrate 10 and the source 
doped region 14a and the drain doped region 14b are also 
formed in the substrate 10, so that the source doped region 
14a and the drain doped region 14b with the raised effect are 
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formed through the position change of the gate 30 in the 
Vertical direction but not through an epitaxial layer addition 
ally formed by directly forming the gate 30 on the surface of 
the substrate 10. Thus, in the invention, the source doped 
region 14a and the drain doped region 14b with the raised 
effect are formed by simply doping the substrate 10, wherein 
the portions thereof below and surrounding the gate 30 are 
made of the same material, and there is no any junction 
between these two portions. 
0.095 FIG. 2D-2 is a cross-sectional view of a silicon 
nitride ROM according to a second embodiment of the inven 
tion. 
0096. Referring to FIG. 2D-2, the spacer 18 is also 
removed after the fabrication of the silicon nitride ROM is 
partially completed through the fabrication method illus 
trated in FIGS. 2A-2C. However, the hard mask layer 16 is not 
removed. Instead, the tunnelling dielectric layer 24, the 
charge storage dielectric layer 26, and the top dielectric layer 
28 are directly formed on the hard mask layer 16. After that, 
the gate 30 connected to a word line is formed in the remain 
ing space of the trench 32. 
0097. The silicon nitride ROM illustrated in FIG.2D-2 has 
a similar structure as the silicon nitride ROM illustrated in 
FIG. 2D-1. However, in the silicon nitride ROM illustrated in 
FIG. 2D-2, the tunnelling dielectric layer 24, the charge stor 
age dielectric layer 26, and the top dielectric layer 28 cover 
the sidewall 32a and the bottom 32c of the trench32, separate 
the gate 30 and the substrate 10, and are extended onto the 
hard mask layer 16 above the source doped region 14a and the 
drain doped region 14b. The gate 30 is located in the trench 32 
of the substrate 10 and the hard mask layer 16. If the thick 
nesses of the tunnelling dielectric layer 24, the charge storage 
dielectric layer 26, and the top dielectric layer 28 on the hard 
mask layer 16 are equivalent to the thicknesses of the tunnel 
ling dielectric layer 24, the charge storage dielectric layer 26, 
and the top dielectric layer 28 at the bottom 32c of the trench 
32, the thickness of the gate 30 is then approximately the same 
as the depth h1+h2 of the trench32 in the substrate 10 and the 
hard mask layer 16. If as the trench 32 in the substrate 10 
shown in FIG. 2D-1 and FIG. 2D-2 has the same depth h1, 
since the trench 32 of the silicon nitride ROM in FIG. 2D-2 is 
further extended upwards to the hard mask layer 16 therefore 
has a depth h1+h2 (which is greater than the depth h1 of the 
trench 32 in FIG. 2D-1), the thickness t2 of the gate 30 in the 
silicon nitride ROM illustrated in FIG. 2D-2 is greater than 
the thickness t1 of the gate 30 in the silicon nitride ROM 
illustrated in FIG. 2D-1. In other words, if the thickness t2 of 
the gate 30 in FIG.2D-2 is equivalent to the thickness t1 of the 
gate 30 in FIG. 2D-1, the trench 32 in the substrate 10 illus 
trated in FIG. 2D-2 can be formed to have a depth h1 slightly 
shallower than that of the trench 32 in the substrate 10 illus 
trated in FIG. 2D-1. 

0.098 FIG. 2D-3 is a cross-sectional view of a silicon 
nitride ROM according to a third embodiment of the inven 
tion. 

0099 Referring to FIG. 2D-3, the spacer 18 is also 
removed after the fabrication of the silicon nitride ROM is 
partially completed through the fabrication method illus 
trated in FIGS. 2A-2C. However, the hard mask layer 16 is not 
removed. Instead, the tunnelling dielectric layer 24, the 
charge storage dielectric layer 26, and the top dielectric layer 
28 are directly formed on the hard mask layer 16 and the 
sidewall 32a and the bottom 32c of the trench32, and the gate 
30 connected to a word line is formed in the remaining space 
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of the trench 32. However, the tunnelling dielectric layer 24, 
the charge storage dielectric layer 26, and the top dielectric 
layer 28 on the hard mask layer 16 are removed before the 
gate 30 is formed. Foregoing layers may be removed through 
an etching process or a CMP process by using the hard mask 
layer 16 as an etch stop layer. 
0100. The silicon nitride ROM illustrated in FIG.2D-3 has 
a similar structure as the silicon nitride ROM illustrated in 
FIG. 2D-2. However, in the silicon nitride ROM illustrated in 
FIG. 2D-3, the tunnelling dielectric layer 24, the charge stor 
age dielectric layer 26, and the top dielectric layer 28 only 
cover the sidewall 32a and the bottom 32c of the trench 32 to 
separate the gate 30 and the substrate 10 but are not extended 
onto the hard mask layer 16 above the source doped region 
14a and the drain doped region 14b. Thus, in this structure, 
the surface of the hard mask layer 16 is exposed. The thick 
ness t3 of the gate 30 is approximately the depth h1+h2 of the 
trench32 in the substrate 10 and the hard mask layer 16 minus 
the thicknesses of the tunnelling dielectric layer 24, the 
charge storage dielectric layer 26, and the top dielectric layer 
28. In other words, if the thickness t3 of the gate 30 in FIG. 
2D-3 is equivalent to the thickness t1 of the gate 30 in FIG. 
2D-1, the trench 32 in the substrate 10 in FIG. 2D-3 can be 
formed to have a depth h1 slightly shallower than that of the 
trench 32 in the Substrate 10 in FIG. 2D-1. 

0101 FIGS. 3A-3D-1 are cross-sectional views illustrat 
ing a fabrication method of a silicon nitride ROM according 
to a fourth embodiment of the invention. FIG. 3D-2 is a 
cross-sectional view of a silicon nitride ROM according to a 
fifth embodiment of the invention. FIG. 3D-3 is a cross 
sectional view of a silicon nitride ROM according to a sixth 
embodiment of the invention. 

0102 Referring to FIGS. 3A-3D-1, a silicon nitride ROM 
is fabricated through the fabrication method illustrated in 
FIGS. 2A-2D-1. However, a semiconductor layer 40 is 
formed on the substrate 10 after forming the well 12 in the 
substrate 10 and the first doped region 14 in the well 12 and 
before forming the hard mask layer 16. The semiconductor 
layer 40 is patterned in the Subsequent process for forming the 
trench32, as shown in FIG.3C. The patterned semiconductor 
layer 40 is retained and served as source and drain contact 
regions. The semiconductor layer 40 is doped, and the dopant 
in the semiconductor layer 40 has the same conductivity type 
as the source doped region 14a and the drain doped region 
14b. The doping concentration of the semiconductor layer 40 
is greater than or close to that of the source doped region 14a 
and the drain doped region 14b so that the contact resistance 
can be further reduced. The semiconductor layer 40 includes 
one or a combination of a doped single-crystal silicon layer, a 
doped polysilicon layer, a doped epi-silicon layer, and a 
doped GeSilayer. The dopant in the semiconductor layer 40 
may be in-situ doped during the deposition process or doped 
through an ion implantation process after semiconductor 
deposition. In an embodiment, the dopant in the Source doped 
region 14a and the drain doped region 14b is N-type, and the 
semiconductor layer 40 may be one or a combination of a 
doped single-crystal silicon layer with in-situ doped N-type 
ions, polysilicon with in-situ doped N-type ions, an epitaxial 
silicon layer with in-situ doped N-type ions, and silicon ger 
manium doped with N-type ions. In another embodiment, the 
dopant in the Source doped region 14a and the drain doped 
region 14b is P-type, and the semiconductor layer 40 may be 
one or a combination of a doped single-crystal silicon layer 
with in-situ doped P-type ions, silicon germanium with in 



US 2012/026 1739 A1 

situ doped P-type ions, an epitaxial silicon layer with in-situ 
doped P-type ions, and polysilicon with in-situ doped P-type 
ions. The thickness of the gate 30 is related to the thickness of 
the semiconductor layer 40 and the depth h1 of the trench 32 
in the substrate 10. Namely, the existence of the semiconduc 
tor layer 40 allows the depth h1 of the trench 32 in the 
substrate 10 to be reduced. In an embodiment, the depth h1 of 
the trench32 in the substrate 10 may be between about 300 A 
and about 500 A, and the thickness of the semiconductor layer 
40 may be between about 300 A and about 500 A. However, 
the invention is not limited thereto, and the depth h1 of the 
trench 32 in the substrate 10 and the thickness of the semi 
conductor layer 40 may be adjusted according to the thick 
ness of the gate to be formed and the depth of the trench32 in 
the substrate 10 in an actual application. In addition, the 
semiconductor layer 40 may be considered a raised source 
doped region or drain doped region. Accordingly, the Source 
doped region 14a and the drain doped region 14b below the 
trench 32 can be fabricated with shallower junction depth. 
0103. Thereafter, the fabrication of the silicon nitride 
ROM is completed through the fabrication method illustrated 
in FIGS. 3B-3D-1. 

0104. The silicon nitride ROM illustrated in FIG. 3D-1 
further includes a semiconductor layer 40 besides a substrate 
10, a well 12, a first doped region 14 of a first conductivity 
type, a second doped region 22 of a second conductivity type, 
a gate 30, a tunnelling dielectric layer 24, a charge storage 
dielectric layer 26, and a top dielectric layer 28. The first 
doped region 14 is located in the substrate 10, and the semi 
conductor layer 40 and the first doped region 14 have a trench 
32. The trench32 has a depth h;3 in the semiconductor layer 40 
and a depth hl in the first doped region 14. The second doped 
region 22 is located at the bottom 32c of the trench 32 so that 
the first doped region 14 is separated into a source doped 
region 14a and a drain doped region 14b. A channel region 34 
is located between the Source doped region 14a and the drain 
doped region 14b. The Source doped region 14a and the drain 
doped region 14b are extended from the bottom 32c of the 
trench 32 to the sidewall 32a of the trench 32 along the base 
angle 32b so as to cover the sidewall of the gate 30. The 
semiconductor layer 40 is located on the Source doped region 
14a and the drain doped region 14b and cover the sidewall of 
the gate 30. In other words, the gate 30 is located in the 
semiconductor layer 40 and the trench 32 of the substrate 10. 
The thickness of the gate 30 is approximately equivalent to 
the depth h1+h3 of the trench 32 in the substrate 10 and the 
semiconductor layer 40 (if the thicknesses of the tunnelling 
dielectric layer 24, the charge storage dielectric layer 26, and 
the top dielectric layer 28 can be ignored). The tunnelling 
dielectric layer 24, the charge storage dielectric layer 26, and 
the top dielectric layer 28 cover the sidewall 32a and the 
bottom 32c of the trench 32, separate the gate 30 and the 
substrate 10, and are extended onto and in direct contact with 
the semiconductor layer 40 above the source doped region 
14a and the drain doped region 14b. If the trench 32 in the 
Substrate 10 illustrated in FIG. 3D-1 and FIG. 2D-1 has the 
same depth h1, because the trench 32 of the silicon nitride 
ROM in FIG. 3D-1 is further extended upwards to the semi 
conductor layer 40, the depth thereof is h1+h3. Accordingly, 
the thickness of the gate 30 in the silicon nitride ROM illus 
trated in FIG. 3D-1 is greater than that of the gate 30 in the 
silicon nitride ROM illustrated in FIG. 2D-1. 

0105 Similarly, the silicon nitride ROMs illustrated in 
FIG. 3D-2 and FIG. 3D-3 are respectively similar to those 
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illustrated in FIG. 2D-2 and FIG. 2D-3, and the difference is 
also that a semiconductor layer 40 is formed on the substrate 
10 after forming the well 12 in the substrate 10 and the first 
doped region 14 within the well 12 and before forming the 
hard mask layer 16 and is served as the Source and drain 
contact regions. 
0106 FIGS. 4A-4D-1 are cross-sectional views illustrat 
ing a fabrication method of a silicon nitride ROM according 
to a seventh embodiment of the invention. FIG. 4D-2 is a 
cross-sectional view of a silicon nitride ROM according to an 
eighth embodiment of the invention. FIG. 4D-3 is a cross 
sectional view of a silicon nitride ROM according to a ninth 
embodiment of the invention. FIGS.5A-5D-1 are cross-sec 
tional views illustrating a fabrication method of a silicon 
nitride ROM according to a tenth embodiment of the inven 
tion. FIG. 5D-2 is a cross-sectional view of a silicon nitride 
ROM according to an eleventh embodiment of the invention. 
FIG.5D-3 is a cross-sectional view of a silicon nitride ROM 
according to a twelfth embodiment of the invention. 
01.07 The silicon nitride ROM fabrication methods illus 
trated in FIGS. 4A-4D-1, FIG. 4D-2, and FIG. 4D-3 are 
respectively similar to the silicon nitride ROM fabrication 
methods illustrated in FIGS. 2A-2D-1, FIG. 2D-2, and FIG. 
2D-3, and the silicon nitride ROM fabrication methods illus 
trated in FIGS. 5A-5D-1, FIG. 5D-2, and FIG. 5D-3 are 
respectively similar to the silicon nitride ROM fabrication 
methods illustrated in FIGS. 3A-3D-1, FIG. 3D-2, and FIG. 
3D-3. However, referring to FIGS. 4C, 5C, and 6C, no spacer 
18 (as shown in FIGS. 2C and 3C) is formed on the sidewall 
32a of the trench 32 after the trench 32 is formed in the hard 
mask layer 16 and the substrate 10. The second doped region 
22 is directly formed in the first doped region 14 below the 
trench 32 through an ion implantation process 20 (for 
example, a vertical ion implantation process) by using the 
hard mask layer 16 (without the spacer 18) as a mask, and the 
second doped region 22 is extended downwards into the well 
12, sidewards to the base angle 32b of the trench 32, and 
upwards to the lower sidewall 32a of the trench 32. The 
second doped region 22 is extended from the first doped 
region 14 into the well 12 to separate the first doped region 14 
into a source doped region 14a and a drain doped region 14b. 
The second doped region 22 is extended from the bottom 32c 
of the trench32 to the lower portion of the sidewall 32a of the 
trench32 along the base angle 32b of the trench32, so that the 
Source doped region 14a and the drain doped region 14b do 
not cover the bottom 32c and the base angle 32b of the trench 
32 but are extended from the upper portion of the sidewall32a 
of the trench 32 to the surface of the substrate 10. In other 
words, the channel region 34 between the source doped 
region 14a and the drain doped region 14b is not only located 
at the bottom 32c of the trench 32 but also extended upwards 
to the lower portion of the sidewall 32a of the trench 32 along 
the base angle 32b of the trench 32 so that the length of the 
channel region34 is extended. In addition, because the source 
doped region 14a and the drain doped region 14b do not cover 
the bottom 32c and the base angle 32b of the trench 32, when 
the device is in operation, a high electric field is produced at 
the exposed portion of the base angle 32b and accordingly the 
carrier injection efficiency is improved. 
0108. After the source doped region 14a and the drain 
doped region 14b are formed, the fabrication of the silicon 
nitride ROM is completed through the fabrication methods 
illustrated in FIGS. 2D-1, 2D-2, 2D-3, 3D-1,3D-2, and 3D-3, 
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and the fabricated silicon nitride ROM is as those illustrated 
in FIGS. 4D-1, 4D-2, 4D-3, 5D-1, 5D-2, and 5D-3. 
0109. In the embodiment described above, the second 
doped region 22 is formed through an ion implantation pro 
cess after the trench 32 is formed and before the tunnelling 
dielectric layer 24 is formed, as shown in FIGS. 4C and 5C. 
However, the invention is not limited thereto. In an embodi 
ment, the second doped region 22 may also be formed 
through an ion implantation process 20 after the tunnelling 
dielectric layer 24 is formed and before the charge storage 
dielectric layer 26 is formed. In another embodiment, the 
second doped region 22 may also be formed through an ion 
implantation process 20 after the tunnelling dielectric layer 
24 and the charge storage dielectric layer 26 are formed and 
before the top dielectric layer 28 is formed. In still another 
embodiment, the second doped region 22 may also be formed 
through an ion implantation process 20 after the tunnelling 
dielectric layer 24, the charge storage dielectric layer 26, and 
the top dielectric layer 28 are formed and before the gate 
material layer is formed. 
0110 FIGS. 6A-6F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
thirteenth embodiment of the invention. 
0111 Referring to FIGS. 6A and 6B, the well 12, the first 
doped region 14, the semiconductor layer 40, the hard mask 
layer 16, the trench 32, and the spacer 18 are formed through 
the fabrication method illustrated in FIGS. 3A-3C, and the 
second doped region 22 is formed below the trench 32 by 
using the spacer 18 and the hard mask layer 16 as a mask, so 
as to separate the first doped region 14 into the Source doped 
region 14a and the drain doped region 14b. 
0112 Next, referring to FIG. 6C, the spacer 18 is also 
removed through the technique described above. Thereafter, a 
tunnelling dielectric layer 24 is formed on the hard mask layer 
16 and the sidewall 32a and the bottom 32c of the trench 32. 
Next, a floating gate material layer 30a is formed on the 
substrate 10, wherein the floating gate material layer 30a 
covers the hard mask layer 16 and fills the trench 32. The 
floating gate material layer 30a may be made of doped poly 
silicon. 
0113. After that, referring to FIG. 6D, the floating gate 
material layer 30a, the tunnelling dielectric layer 24, and the 
hard mask layer 16 on the semiconductor layer 40 are 
removed through an etching process or a CMP process until 
the semiconductor layer 40 is exposed. The floating gate 
material layer 30a remaining in the semiconductor layer 40 
and the trench32 of the substrate 10 is served as a floating gate 
30 of the flash memory cell. The surface of the floating gate 30 
is approximately aligned with the Surface of the semiconduc 
tor layer 40. 
0114. Next, referring to FIG. 6E, an inter-gate dielectric 
layer 48 and a control gate material layer 50a are sequentially 
formed on the substrate 10. The inter-gate dielectric layer 48 
may be a single material layer made of a material having a 
high dielectric constant, Such as HfC). The inter-gate dielec 
tric layer 48 may also adopt a stacked double-layer structure 
ora Stacked multi-layer structure to increase the gate coupling 
ratio and improve the programming and erasing efficiency. 
The stacked double-layer structure may be composed of a 
high dielectric constant material and a low dielectric constant 
material (indicated as high dielectric constant material/low 
dielectric constant material). Such as silicon nitride/silicon 
oxide. The stacked multi-layer structure may be composed of 
a low dielectric constant material, a high dielectric constant 
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material, and a low dielectric constant material (indicated as 
low dielectric constant material/high dielectric constant 
material/low dielectric constant material). Such as silicon 
oxide/silicon nitride/silicon oxide or silicon oxide/AlO/ 
silicon oxide. The control gate material layer 50a may be 
made of doped polysilicon. 
0115) Next, referring to FIG. 6F, the control gate material 
layer 50a and the inter-gate dielectric layer 48 are patterned. 
The patterned control gate material layer 50a is served as a 
control gate 50 of the flash memory cell. After that, an insu 
lation layer 52 surrounding the control gate 50 and the inter 
gate dielectric layer 48 is formed. The insulation layer 52 may 
be formed by first forming the insulation material layer (not 
shown) on the substrate 10 to cover the semiconductor layer 
40 and the control gate 50 and then removing the insulation 
material layer on the control gate 50 through a planarization 
process, wherein the planarization process may be a CMP 
process. 

0116. The flash memory cell in FIG. 6F includes a sub 
strate 10, a semiconductor layer 40, a well 12, a first doped 
region 14 of a first conductivity type, a second doped region 
22 of a second conductivity type, a floating gate 30, a tunnel 
ling dielectric layer 24, an inter-gate dielectric layer 48, and a 
control gate 50. The semiconductor layer 40 is located on the 
substrate 10. The well 12 and the first doped region 14 are 
located in the substrate 10. The semiconductor layer 40 and 
the first doped region 14 of the substrate 10 have a trench 32. 
The second doped region 22 is located at the bottom 32c of the 
trench 32 to separate the first doped region 14 into a source 
doped region 14a and a drain doped region 14b. A channel 
region 34 is located between the Source doped region 14a and 
the drain doped region 14b. The floating gate 30 is located in 
the trench 32 of the semiconductor layer 40 and the substrate 
10, and the surface of the floating gate 30 is approximately flat 
and aligned with the surface of the semiconductor layer 40. 
The tunnelling dielectric layer 24 covers the sidewall 32a and 
the bottom 32c of the trench32 to separate the floating gate 30 
and the substrate 10. The control gate 50 is located on the 
floating gate 30 and a portion of the semiconductor layer 40 
around the floating gate 30. The inter-gate dielectric layer 48 
is located between the control gate 50 and the floating gate 30 
and between the control gate 50 and the semiconductor layer 
40. 

0117 FIGS. 7A-7F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
fourteenth embodiment of the invention. 

0118. The flash memory cell fabrication method illus 
trated in FIGS. 7A-7F is similar to that illustrated in FIGS. 
6A-6F. However, referring to FIG. 7D, after the floating gate 
material layer 30a is formed in the trench32, a portion of the 
floating gate material layer 30a is removed through an etch 
back process, so as to expose the tunnelling dielectric layer 
24. After that, the tunnelling dielectric layer 24 above the hard 
mask layer 16 is removed. Then, a portion of the floating gate 
material layer 30a and a portion of the hard mask layer 16 are 
removed by using an etching solution or an etching gas that 
has a lower removing rate on the floating gate material layer 
30a than on the hard mask layer 16, so that the surface of the 
remaining floating gate material layer 30a is higher than the 
Surface of the hard mask layer 16 and the remaining floating 
gate material layer 30a is served as the floating gate 30. In an 
embodiment, the hard mask layer 16 is made of the same 
material as the tunnelling dielectric layer 24, and aforemen 
tioned etch-back process is performed only once by using an 
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etching solution or an etching gas that has a lower removing 
rate on the floating gate material layer 30a than on the hard 
mask layer 16. 
0119 Referring to FIGS. 7E and 7F, an inter-gate dielec 

tric layer 48 and a control gate material layer 50a are sequen 
tially formed on the substrate 10 and patterned through the 
method illustrated in FIGS. 6E and 6F. The patterned control 
gate material layer 50a is served as the control gate 50 of the 
flash memory cell. After that, an insulation layer 52 is formed 
around the control gate 50 and the inter-gate dielectric layer 
48. 

0120 In the present embodiment, the surface of the float 
ing gate is made higher than the Surface of the hard mask layer 
so that the coupling area between the floating gate and the 
control gate is enlarged and accordingly the device coupling 
ratio is improved. 
0121 FIGS. 8A-8F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
fifteenth embodiment of the invention. 
0122) The flash memory cell fabrication method illus 
trated in FIGS. 8A-8F is similar to that illustrated in FIGS. 
6A-6F. However, referring to FIG.8D, after the floating gate 
material layer 30a is formed in the trench32, a portion of the 
floating gate material layer 30a is removed through an etch 
back process, so as to expose the tunnelling dielectric layer 
24. After that, the tunnelling dielectric layer 24 is removed. 
Then, a portion of the floating gate material layer 30a is 
removed by using an etching solution oran etching gas having 
a higher removing rate on the floating gate material layer 30a 
than on the hard mask layer 16, so as to make the surface of the 
remaining floating gate material layer 30a to be lower than the 
surface of the hard mask layer 16. In an embodiment, the hard 
mask layer 16 is made of the same material as the tunnelling 
dielectric layer 24, and aforementioned etch-back process is 
performed only once by using an etching Solution or an etch 
ing gas having a higher removing rate on the floating gate 
material layer 30a than on the hard mask layer 16. 
(0123. Thereafter, referring to FIGS. 8E and 8F another 
floating gate material layer 30b is formed on the substrate 10 
before forming the inter-gate dielectric layer 48 on the sub 
strate 10 through the method illustrated in FIG. 6E, wherein 
the floating gate material layer 30b covers the hard mask layer 
16 and the remaining floating gate material layer 30a in the 
trench32. The floating gate material layer 30b does not fill up 
the trench 32 and has a groovy surface 54 in the trench 32. 
Next, the inter-gate dielectric layer 48 and the control gate 
material layer 50a are sequentially formed on the substrate 10 
and patterned through the method illustrated in FIGS. 6E and 
6F. The patterned floating gate material layer 30a and the 
floating gate material layer 30b are served as the floating gate 
3O. 

0.124. In the present embodiment, the floating gate 30 with 
the groovy Surface 54 is fabricated through the floating gate 
material layers 30a and 30b, so that the coupling area between 
the floating gate 30 and the control gate 50 is enlarged and 
accordingly the device coupling ratio is increased. 
0.125 FIGS. 9A-9F are cross-sectional views illustrating a 
fabrication method of a flash memory cell according to a 
sixteenth embodiment of the invention. FIGS. 10A-10F are 
cross-sectional views illustrating a fabrication method of a 
flash memory cell according to a seventeenth embodiment of 
the invention. FIGS. 11A-11F are cross-sectional views illus 
trating a fabrication method of a flash memory cell according 
to an eighteenth embodiment of the invention. 
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0.126 The flash memory cell fabrication method illus 
trated in FIGS. 9A-9F is similar to that illustrated in FIGS. 
6A-6F, the flash memory cell fabrication method illustrated in 
FIGS. 10A-10F is similar to that illustrated in FIGS. 7A-7F, 
and the flash memory cell fabrication method illustrated in 
FIGS. 11A-11F is similar to that illustrated in FIGS. 8A-8F. 
However, referring to FIGS.9B, 10B, and 11B, after forming 
the trench 32 in the hard mask layer 16 and the substrate 10, 
no spacer 18 is formed on the sidewall 32a of the trench32 (as 
shown in FIGS. 6B, 7B, and 8B). The second doped region 22 
is directly formed in the first doped region 14 below the trench 
32 through an ion implantation process 20 (for example, a 
Vertical ion implantation process) by using the hard mask 
layer 16 (without the spacer 18) as a mask, and the second 
doped region 22 is extended downwards into the well 12, 
sidewards to the base angle 32b of the trench32, and upwards 
to the lower sidewall 32a of the trench 32. The second doped 
region 22 is extended into the well 12 from the first doped 
region 14 to separate the first doped region 14 into a source 
doped region 14a and a drain doped region 14b. The second 
doped region 22 is further extended upwards from the bottom 
32c of the trench 32 to the lower sidewall 32a of the trench 32 
along the base angle 32b of the trench 32 so that the source 
doped region 14a and the drain doped region 14b do not cover 
the bottom 32c and the base angle 32b of the trench 32 but are 
extended from the upper sidewall 32a of the trench 32 to the 
surface of the substrate 10. 

0127 FIGS. 12A-12F are cross-sectional views illustrat 
ing a fabrication method of a metal-oxide semiconductor 
field-effect transistor (MOSFET) according to a nineteenth 
embodiment of the invention. 

I0128. A spacer material layer 44 is formed after the well 
12, the first doped region 14, the semiconductor layer 40, the 
hard mask layer 16, and the trench32 are formed through the 
fabrication method illustrated in FIGS. 3A-3C. Then, the 
second doped region 22 is formed below the trench 32 by 
using the spacer material layer 44 and the hard mask layer 16 
as a mask, so as to separate the first doped region 14 into the 
Source doped region 14a and the drain doped region 14b. 
However, in the present embodiment, the second doped 
region 22 includes a first region 22a and a second region 22b 
that have the same conductivity type but different depths, 
wherein the first region 22a is closer to the bottom 32c of the 
trench 32, the second region 22b is farther away from the 
bottom32c of the trench32, and the surface area of the second 
region 22b is greater than the Surface area of the first region 
22a So that the source doped region 14a and the drain doped 
region 14b present a stepped shape. The first region 22a and 
the second region 22b of the second doped region 22 may be 
formed through ion implantation processes and the adjust 
ment of ion energy. The ion implantation process 20a for 
forming the first region 22a of the second doped region 22 has 
a lower ion implantation energy, while the ion implantation 
process 20b for forming the second region 22b has a higher 
ion implantation energy. In an embodiment, the first doped 
region 14 is N-type, and the second doped region 22 is P-type. 
The ions implanted into the first region 22a of the second 
doped region 22 may be BF, the ion implantation energy may 
be about 1 KeV. and the dosage may be about 6x10''/cm. 
The ion implantation energy of the second region 22b may be 
about 10 KeV. and the dosage may be about 3x10''/cm. 
I0129. Thereafter, referring to FIG. 12D, the spacer mate 
rial layer 44 is anisotropically etched to form a spacer 46 on 
the sidewall 32a of the trench 32. Then, the gate dielectric 
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layer 24 is formed on the substrate 10. The gate dielectric 
layer 24 may be made of one or a combination of silicon 
oxide, silicon nitride, silicon oxynitride, and a high dielectric 
constant material. After that, the gate material layer 30a is 
formed in the trench 32. The gate material layer 30a may be 
made of doped polysilicon, metal, or a combination of doped 
polysilicon and metal. 
0130. Thereafter, referring to FIG. 12E, the gate material 
layer 30a and the gate dielectric layer 24 on the hard mask 
layer 16 are removed. The remaining gate material layer 30a 
is served as the gate 30. The gate material layer 30a and the 
gate dielectric layer 24 on the hard mask layer 16 may be 
removed through a CMP process or an etch-back process by 
using the hard mask layer 16 as a stop layer. Next, the hard 
mask layer 16 is removed to expose the semiconductor layer 
40. The hard mask layer 16 may be removed through an 
etching process, such as a dry etching process or a wet etching 
process. 
0131. After that, referring to FIG. 12F, a self-aligned sili 
cidation process is performed to form a metal silicide 56 on 
the surfaces of the semiconductor layer 40 and the gate 30. 
The metal silicide 56 may be made of the silicide of a refrac 
tory metal. Such as nickel, cobalt, titanium, copper, molyb 
denum, tantalum, tungsten, erbium, Zirconium, platinum, or 
an alloy of foregoing metals. 
0.132. In summary, in the embodiments of the invention 
described above, the gate is buried into the substrate and the 
Source doped region and the drain doped region are also 
fabricated in the substrate, so that the source doped region and 
the drain doped region with raised effect can be fabricated 
through the position change of the gate in the vertical direc 
tion. Because the portions of the Source doped region and the 
drain doped region below the gate are very shallow, a shallow 
junction depth can be achieved, and accordingly the produc 
tion of short channel effect can be avoided. On the other hand, 
because the Source doped region and the drain doped region 
are further extended to cover the sidewall of the gate, the 
resistances of the raised source and drain can be reduced. 
Moreover, a heavily doped semiconductor layer may be fur 
ther formed within the source doped region and the drain 
doped region to further reduce the contact resistance. 
0133. In the embodiments of the invention described 
above, the second doped region for separating the Source 
doped region and the drain doped region is extended upwards 
from the bottom of the trench to the lower sidewall of the 
trench along the base angle of the trench, so that the Source 
doped region and the drain doped region do not cover the 
bottom and the base angle of the trench. Accordingly, the 
length of the channel region is extended, and because a high 
electric field is produced at the exposed portion of the base 
angle when the device is in operation, the carrier injection 
efficiency is improved. 
0134) Furthermore, in the embodiments of the invention 
described above, because the annealing process of the Source 
doped region and the drain doped region (the first doped 
region) is performed before the dielectric layer (the tunnel 
ling dielectric layer) and the gate are formed, the stability of 
the dielectric layer (the tunnelling dielectric layer) and the 
gate is ensured and won’t be affected by the annealing process 
of the source doped region and the drain doped region (the 
first doped region). 
0135) It will be apparent to those skilled in the art that 
various modifications and variations can be made to the struc 
ture of the invention without departing from the scope or spirit 
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of the invention. In view of the foregoing, it is intended that 
the invention cover modifications and variations of this inven 
tion provided they fall within the scope of the following 
claims and their equivalents. 
What is claimed is: 
1. A semiconductor device, comprising: 
a first doped region of a first conductivity type, located in a 

Substrate, having a trench; 
a second doped region of a second conductivity type, 

located at a bottom of the trench, separating the first 
doped region into a source doped region and a drain 
doped region, wherein a channel region is located 
between the source doped region and the drain doped 
region; 

a gate, located in the trench; and 
a dielectric layer, located between the gate and the sub 

strate within the trench. 
2. The semiconductor device according to claim 1, wherein 

the Source doped region or the drain doped region is extended 
from a spot on the bottom of the trench that is close to a base 
angle to a Surface of the Substrate along a sidewall of the 
trench. 

3. The semiconductor device according to claim 2, wherein 
the second doped region comprises a first region and a second 
region having different depths, wherein an area of the second 
region that is farther away from the bottom of the trench is 
greater than an area of the first region that is closer to the 
bottom of the trench, so that the source doped region or the 
drain doped region presents a stepped shape. 

4. The semiconductor device according to claim 2 further 
comprising a spacer, wherein the spacer is located between 
the dielectric layer on the sidewall of the trench and the 
substrate. 

5. The semiconductor device according to claim 1, wherein 
the second doped region is extended from the bottom of the 
trench to a spot on the sidewall of the trench that is close to the 
base angle so that the Source doped region or the drain doped 
region does not cover the bottom of the trench or the base 
angle but is extended from the sidewall of the trench to the 
surface of the substrate. 

6. The semiconductor device according to claim 1 further 
comprising a semiconductor layer, wherein the semiconduc 
tor layer completely covers and is in contact with the Source 
doped region or the drain doped region. 

7. The semiconductor device according to claim 6, wherein 
the semiconductor layer comprises a doped single-crystal 
silicon layer, a doped polysilicon layer, a doped epi-silicon 
layer, a doped GeSilayer or a combination thereof. 

8. The semiconductor device according to claim 6 further 
comprising a metal silicide layer, wherein the metal silicide 
layer is located on the semiconductor layer. 

9. The semiconductor device according to claim 6 further 
comprising a hard mask layer, wherein the hard mask layer is 
located on the semiconductor layer. 

10. The semiconductor device according to claim 1 further 
comprising a hard mask layer, wherein the hard mask layer is 
located on the source doped region or the drain doped region. 

11. The semiconductor device according to claim 1, 
wherein the dielectric layer is further extended onto the 
Source doped region or the drain doped region. 

12. The semiconductor device according to claim 1, 
wherein the gate is further extended above and covers the 
Source doped region or the drain doped region. 
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13. The semiconductor device according to claim 1, 
wherein the semiconductor device is a metal-oxide semicon 
ductor field-effect transistor (MOSFET), and the dielectric 
layer is a gate dielectric layer. 

14. The semiconductor device according to claim 1, 
wherein the semiconductor device is a non-volatile memory 
cell, and the dielectric layer is a tunnelling dielectric layer. 

15. The semiconductor device according to claim 14, 
wherein the gate is a floating gate, and the semiconductor 
device further comprises: 

a control gate, located above the floating gate; and 
an inter-gate dielectric layer, located between the floating 

gate and the control gate. 
16. The semiconductor device according to claim 15, 

wherein the floating gate is protruded from the surface of the 
substrate. 

17. The semiconductor device according to claim 15, 
wherein the floating gate, the inter-gate dielectric layer, and 
the control gate are further extended above the source doped 
region or the drain doped region. 

18. The semiconductor device according to claim 15, 
wherein a Surface of the floating gate is a flat Surface or a 
Surface with grooves. 

19. The semiconductor device according to claim 14 fur 
ther comprising a charge storage dielectric layer, wherein the 
charge storage dielectric layer is located between the tunnel 
ling dielectric layer and the gate. 

20. The semiconductor device according to claim 19, 
wherein the charge storage dielectric layer is further extended 
above the Source doped region or the drain doped region. 

21. The semiconductor device according to claim 19 fur 
ther comprising a top dielectric layer, wherein the top dielec 
tric layer is located between the charge storage dielectric 
layer and the gate. 

22. A fabrication method of a semiconductor device, com 
prising: 

providing a Substrate; 
forming a first doped region of a first conductivity type in 

the substrate; 
removing a portion of the first doped region to form a 

trench in the first doped region; 
forming a second doped region of a second conductivity 

type at a bottom of the trench to separate the first doped 
region into a source doped region and a drain doped 
region; 

forming a gate in the trench; and 
forming a dielectric layer between the gate and the Sub 

strate within the trench. 
23. The fabrication method according to claim 22 further 

comprising forming a spacer on a sidewall of the trench. 
24. The fabrication method according to claim 23, wherein 

the formation method of the second doped region comprises 
performing a single ion implantation process by using the 
spaceras a mask, so as to extend the Source doped region and 
the drain doped region from a Surface of the Substrate to a spot 
on the bottom of the trench that is close to a base angle along 
the sidewall of the trench. 

25. The fabrication method according to claim 23, wherein 
the formation method of the second doped region comprises 
performing a first ion implantation process and a second ion 
implantation process by using the spacer as a mask, wherein 
a energy of the second ion implantation process is higher than 
a energy of the firstion implantation process so that an area of 
a region formed through the second ion implantation process 
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that is farther away from the bottom of the trench is greater 
than an area of a region formed through the first ion implan 
tation process that is closer to the bottom of the trench. 

26. The fabrication method according to claim 23, wherein 
after forming the second doped region and before forming the 
dielectric layer, the fabrication method further comprises 
removing the spacer. 

27. The fabrication method according to claim 22, wherein 
the formation method of the second doped region comprises 
performing anion implantation process by using the trench as 
a mask So as to extend the second doped region from the 
bottom of the trench to a spot on the sidewall of the trench that 
is close to the base angle. 

28. The fabrication method according to claim 22 further 
comprising forming a semiconductor layer on the Substrate 
before forming the trench, wherein the semiconductor layer is 
in contact with the first doped region. 

29. The fabrication method according to claim 28 further 
comprising forming a hard mask layer on the semiconductor 
layer after forming the semiconductor layer and before form 
ing the trench. 

30. The fabrication method according to claim 29 further 
comprising removing the hard mask layer after forming the 
trench and before forming the dielectric layer. 

31. The fabrication method according to claim 29 further 
comprising removing the hard mask layer after forming the 
gate. 

32. The fabrication method according to claim 29 further 
comprising forming a metal silicide layer on the semiconduc 
tor layer after removing the hard mask layer. 

33. The fabrication method according to claim 22 further 
comprising forming a hard mask layer on the Substrate before 
forming the trench. 

34. The fabrication method according to claim 33 further 
comprising removing the hard mask layer before forming the 
dielectric layer. 

35. The fabrication method according to claim 22, wherein 
the semiconductor device is a MOSFET, and the dielectric 
layer is a gate dielectric layer. 

36. The fabrication method according to claim 22, wherein 
the semiconductor device is a non-volatile memory cell, and 
the dielectric layer is a tunnelling dielectric layer. 

37. The fabrication method according to claim 22, wherein 
the gate is a floating gate, and the fabrication method further 
comprises: 

forming a control gate on the floating gate; and 
forming an inter-gate dielectric layer between the floating 

gate and the control gate. 
38. The fabrication method according to claim 22 further 

comprising: 
forming a hard mask layer on the Substrate before forming 

the trench; 
making an upper Surface of the gate in the trench to be 

lower than an upper Surface of the hard mask layer, so as 
to expose a sidewall of the hard mask layer, 

forming a gate material layer on the sidewall of the hard 
mask layer and the gate, so as to form a floating gate 
having a groovy Surface; 

forming a control gate on the floating gate; and 
forming an inter-gate dielectric layer between the floating 

gate and the control gate. 
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39. The fabrication method according to claim 37, wherein 41. The fabrication method according to claim 40, wherein 
the floating gate, the inter-gate dielectric layer, and the control the charge storage dielectric layer is further extended above 
gate are further extended above the source doped region and the source doped region and the drain doped region; 

42. The fabrication method according to claim 40 further 
comprising forming a top dielectric layer between the charge 

40. The fabrication method according to claim 36 further storage dielectric layer and the gate. 
comprising forming a charge storage dielectric layer between 
the tunnelling dielectric layer and the gate. ck 

the drain doped region. 


